INTRODUCTION
During the last years Medium and Low Voltage grids have been interconnected to a large number of new active systems as wind turbines, photovoltaic systems, hydraulic generators, biomass and geothermal generators, fuel cells, and others [1] . Almost all of these new installations are interconnected to the grid by means of a PWM converters and a filter [2] .
Generally these devices must provide a target active and/or reactive power level to the line, so appropriate Power Control systems are required. Various control strategies have been proposed in recent works on this type of converters, [3] . A well-known method of indirect active and reactive power control is based on the current vector orientation with respect to the line voltage vector called voltage-oriented control (VOC) [4] . The VOC guarantees high dynamics and static performance via internal current control loops, [5] .
Based on the principles of direct torque control (DTC) strategy for ac machines, an alternative control approach, [6] namely, direct power control (DPC) was developed for the control of grid-connected voltage-sourced converters [7] . The DPC control strategy is based on the instantaneous active and reactive power control.
In DPC, there are no internal current control loops and no PWM modulator block, because the converter switching states are appropriately selected by a look-up table based on the instantaneous errors between the commanded and measured values of the active and reactive powers . The main contribution of this paper is to combine the DPC strategy, SM approach, and SVM modulation technique, so as to directly regulate the instantaneous active and reactive powers of gridconnected DC/AC converters without any current control loops and synchronous coordinate transformations involved. The required converter control voltage can be simply obtained in the stationary reference frame, and SVM technique is then employed to achieve constant switching frequency [8] .
This paper is organized as follows. Section II gives the development of the instantaneous active and reactive power flows variation of a grid connected voltage-source DC/AC converter. The conventional DPC briefly described, the SMCbased DPC strategy is proposed, designed, and analyzed in Section III. Sections IV present the simulation results.
II. PROPOSED DIRECT POWER CONTROL

A. Modeling of grid-connected converters
The structure of the PWM converter is shown in Fig. 1 . On the other hand L and R respectively denote the inductance and resistance of the line filter. According to Fig. 1 , the relationship between the supply, converter voltages, and line currents in the stationary reference frame are given as: Direct Power Control (DPC) has become an interesting control strategy of grid connected converters because it provides the maximum dynamic capability available in the system. This non-linear control strategy is defined as a direct control technique because it chooses the best suited converter's voltage vector without any modulation technique. The main idea of this command is illustrated in Fig. 2 S are the input variables of the switching table used in order to minimize the errors between the commanded and measured or estimated powers in each sampling period. Also to achieve a better performance, they proposed to divide the vector space into twelve sectors and then determine the position of the voltage vector accordingly.
The instantaneous active and reactive-power time derivatives establish the trend of the controlled variables, which is the key step of the construction of the look-up table [13] . It is possible to predict the power behavior knowing the instantaneous variations of the active and reactive powers, which can be expressed as equation (2) . The active power reference is generated and passed to the grid from a closed loop control of DC bus voltage. The reactive power reference can be imposed from a supervisor.
III. SLIDING MODE DIRECT POWER OF GRID-CONNECTED VOLTAGE SOURCE CONVERTER
The sliding mode control strategy with variable control structure is based on the design of discontinuous control signal that drives the system operation states towards special manifolds in the state space. This manifolds are chosen in a way that the control system will have the desired behavior as the states converge to them. In this paper, an SMC controller is suggested to generate the converter output voltage references as the input to SVPWM module [8] . 
A. Principles of the (SMC-DPC)
The SMC strategy with variable control structure is based on the design of discontinuous control signal that drives the system operation states toward special manifolds in the state space [9] , [10] . These manifolds are chosen in such a way that the control system will have the desired behavior as the states converge to them. In this paper, based on the conventional DPC concept, an SMC controller is used for regulating the instantaneous active and reactive powers of grid-connected DC/AC converters.
B. Sliding Surface
The control objectives for DC/AC converters are to track or slide along the predefined active and reactive power trajectories. For this purpose, the sliding surface is set as
In order to maintain the enhanced transient response and minimize the steady-state errors, the switching surfaces can be in the integral forms [11] , [12] , alternatively they can also be designed via back-stepping and nonlinear damping techniques.
Where ( ) 
C. SMC Law
In the SMC design, as the name indicates, the task is to force the system state trajectory to the interaction of the switching surfaces aforementioned. In this paper, an SMC controller is suggested to generate the converter output voltage reference as the input of the SVPWM module. 
Substituting (2) into (6) leads to
Where 
In the SMC control, a Lyapunov approach is usually used for deriving conditions on the control law that will drive the state orbit of the system to the equilibrium manifold. The quadratic Lyapunov function is selected as 1 2
Therefore, the following control law is selected
D. Proof of the Stability:
For the stability against sliding surfaces, it is sufficient to have dW/dt < 0. By setting appropriate switch functions, stability can be achieved provided the following condition is satisfied, if Sp* sgn(SP) > 0 and Sq* sgn (Sq) > 0, then
The time derivative of Lyapunov function dW/dt is then definitely negative so that the control system becomes asymptotically stable.
E. Reduction of Power Chattering Problem
Fast switching may generate unexpected chattering, which may excite unmodeled high-frequency system transients and even result in unforeseen instability [8] . In this paper to eliminate this problem, the discontinuous part of the controller is smoothed out by introducing a boundary layer around the sliding surface. As a result, a continuous function around the sliding surface neighborhood is obtained as
Where λ j > 0 is the width of the boundary layer and j represents P g and Q g , respectively.
According to (9) and (11), the converter output voltage reference is obtained in the stationary reference frame and, then, can be directly transferred to the SVM module [40] for generating the required switching voltage vectors and their respective duration times.
IV. SIMULATION RESULTS
In order to demonstrate the effectiveness of the proposed control technique applied to the grid connected converters system, some simulations have been carried out. The proposed design scheme which is described by Fig. 3 , is implemented in Matlab/Simulink software using parameters given in Table 1 and Table 2 . 
Positive gains Kp and Kq 2500
Control gains Kp1 and Kq1 10000
Width of boundary layer λp=2000, λq=2500
A. Reversibility of the structure In Fig. 7 we present the simulation results of the converter with a direct power control (DPC) and sliding mode direct power control (SMC-DPC). To show the reversibility of the converter, we consider the profile of the input DC current given by Fig. 4 . It can be seen from Fig. 5 and Fig. 6 , that the new sliding mode direct power of Grid-connected voltage source converter (SMC-DPC) ensures smooth control of active and reactive power. The inversion of the transfer direction of active power confirms the desired power transfer. Since the reactive power reference is held at zero, the operation at unity power factor is clearly the case here. The response of the line current corresponding to this step change is presented in these Figures and shows the two modes of operation of this converter. Notice that, the DC-bus voltage follows its reference with a very low ripple for the SMC-DPC
B. Power quality and power factor correction
In Fig 7, we present the spectra of the currents injected to the grid for two proposed approaches (DPC and SMC-DPC). These spectra show that the THD does not exceed the limit required by IEEE Standard 519 which is 5%. It should be noted that the control SMC-DPC with a superior level of power quality. presented in Fig. 11 . During tests, the inductance value used in the control system varied by±50% respectively. By comparing this condition with her no inductance errors, it can be concluded that such line inductance's errors have nearly little influence on system. The responses are quite identical for different line inductance values. Consequently, the robustness of proposed SMC-DPC to the line inductance variations is convincingly verified. Figure 11 . System reponses using SMC_DPC strategy under line inductance variations ±50%.
V. CONCLUSION
This paper proposes a new direct power control for grid connected converters based on SMC approach. System responses with the proposed SMC-DPC method are validated via both simulations, and compared with those of conventional DPC strategy.
Furthermore, the sliding mode control applied to the grid converter has succeeded in the regulation of the DC link voltage and then in optimization of the performances of the system. Such a control scheme provides protection of the connected converter with regards to line current since these latter are controlled. Besides, the robustness quality of the proposed controllers appears clearly in the test results by changing line parameters. 
